The magnetoelectric effect refers to a cross coupling between magnetic and electric properties in the solid state. It was first postulated based on symmetry arguments [1] and first discovered experimentally in Cr 2 O 3 [2] [3] [4] following the theoretical considerations of Dzyaloshinshkii [5] . For a single-phase material to exhibit such a coupling it has to break both inversion and time-reversal symmetries, limiting their number to a specific sub-class [6] [7] [8] -a consideration that facilitated the discovery of magnetoelectric materials by restricting the number of systems where such effects can be expected. Soon after, several other materials were found to be magnetoelectric and another more special class was discovered where both ferroelectric and magnetic orders coexist, so-called multiferroics. At the microscopic level, such effects are mediated through spin-orbit coupling, which is the direct process that couples spin to orbital degrees of freedom; spin-orbit coupling is a second-order quantum-mechanical relativistic effect, implying that in most cases magnetoelectric coupling, even in multiferroic materials, is relatively weak. This aspect was soon realised and led to an attempt to design artificial heterogeneous materials composed of both ferroelectric and ferromagnetic components where the coupling was to be achieved through the interface between the two phases. The first experimental work envisaged using an elastic coupling to mediate the magnetic and electric order parameters using the BaTiO 3 -CoFe 2 O 4 eutectic to synthesise a modulated microstructure consisting of alternating BaTiO 3 and CoFe 2 O 4 structural domains [9] . Such an approach proved to be a very fruitful route towards the design of artificial multiferroic heterostrutures, where the small magnetoelectric coupling of intrinsic multiferroics and/or their low ordering temperatures are sought to be overcome by using robust ferroelectric and ferromagnetic materials coupled through interfacial effects [10] [11] [12] [13] [14] [15] [16] [17] [18] .
The current resurgence and interest in such materials systems, in both intrinsic and artificial multiferroics, is due to a conjunction of several factors. On one hand, there is a technological drive towards the discovery of new materials with multifunctional behaviour, both in the context of near-future bottlenecks predicted for CMOS devices, where size scaling is expected to reach several physical limits (associated with large tunneling currents, large power dissipation, minimum size for CMOS operation) [18] but also for the search of new functions, such as instant-on computers, intelligent data processing, ultrasensitive sensors and actuators, and so forth [19] . On the other hand, there is a general basic science interest in understanding the physical mechanisms responsible for such effects, which are typical of strong electron correlations. The key enabling factors to the flourishing of magnetoelectronics have been the recent advances in nanotechnology, both in terms of the developments in film growth techniques that have made possible the synthesis of thin films and heterostructures with increasing degrees of perfection and with ever finer control over the atomic structure [20] [21] [22] ; the development of new measurement tools that have enabled the characterization of physical systems both in the spatial domain, down to the nanometer and atomic scales [23] [24] [25] [26] [27] , and in the time domain, down to the fs timescale [28] [29] [30] ; and to the tremendous capabilities of present-day computers that enabled concomitant advances in first principle calculations and a deeper understanding of the electronic mechanisms underlying the properties of strongly correlated systems and the prediction of new properties and new materials [31] [32] [33] .
This special section on Magnetoelectronics-electric field control of magnetism in the solid state consists of a collection of contributions that illustrate particularly well the processes described above. In a field with such rapid development, the reviews of Taniyama [34] on the electric field control of magnetism via strain coupling and of Ortega et al [35] on multifunctional magnetoelectric materials for device applications enable one to take stock of the recent achievements by putting them in a wider perspective, both from basic science and applied perspectives. In the context of electric field control of magnetism, it is important to be able to obtain direct information of the changes in the magnetisation configuration as a function of the applied electric field, since it provides not only a direct confirmation of the magnetoelectric coupling, but it also enables one to understand the mechanisms by which the magnetic energy terms are modified. The contributions by Gao [36] and Huang et al [37] are original contributions in this respect and aim at employing Kerr microscopy and x-ray photoemission electron microscopy (XPEEM) to directly measure the changes in the magnetisation of Ni/PMN-PT and LSMO/PZT multiferroic heterostructures, respectively. Both techniques are imminently suited for dynamical studies, an aspect of magnetoelectronics that still remains to be explored in detail [15] . In the broader context of spintronics, a branch of physics that deals with controlling both charge and spin for electronic devices, the transport processes in multiferroic materials and heterostructures is particularly important [38] . Tunneling effects in ferromagnetic-ferroelectric tunnel barriers offer the possibility of codifying information using both the ferroelectric and magnetic polarisations and combine multiple functionality with large responses, as demonstrated in the contribution by Asa et al [39] for Co/Fe/BaTiO 3 / BaTiO 3 /LSMO heterostructures, where sizeable tunneling electro-and magnetoresistance effects are reported.
In a sense, the approach to magnetoelectric coupling in artificial multiferroics is an attempted throw back to a simpler and more controlled fashion of designing function. The complexity inherent to intrinsic multiferroic systems is staggering [40] [41] [42] [43] [44] and the vision of creating complexity from simpler blocks of matter (ferroelectrics and ferromagnets) is very compelling. Often, however, such simplicity has proved illusive. Interfacial effects are inherent to a few atomic layers at each side of the boundary separating each material and are ruled by processes that generally cannot be extrapolated from the bulk behaviour. This is a bonus for the scientist, since it leads to new physical phenomena [45] [46] [47] whose understanding and control entails a thorough knowledge of collective electronic processes down to the atomic scale. Overall, it has proven to be a very rewarding process, whose progress continues unabated.
